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- CORF is an arm of the National Research Council, which
itself was established by the National Academy of Sciences.

- CORF represents the interests of the Earth Exploration­
Satellite Service, the Space Research Service, the Radio
Astronomy Service and other users of the radio spectrum
engaged in scientific research.

- Radio astronomy is a vitally important tool used by
scientists to study our universe. Furthermore, radio
astronomy has produced substantial terrestrial benefits
through the development of very-Iow-noise receivers, and
other radio astronomy technologies have been used to ~,
measure fault motions, leading to the identification of
potential earthquake zones. These benefits of radio
astronomy, obtained through years of work and substantial
federal investment, as well as future benefits, must be
protected.

- As passive users of the spectrum, astronomers study
natural sources of radiation throughout the electromagnetic
spectrum. The emissions that radio astronomers review are
extremely weak -- a typical radio telescope receives only
about one-trillionth of a watt from even the strongest
cosmic source. Radio astronomy is therefore particularly
vulnerable to interference from licensed and unlicensed
users in bands allocated to radio astronomy, and from
spurious emissions from users of neighboring bands.
Accordingly, if the benefits of radio astronomy are to be
protected, wise spectrum management must be used.

- Big LEO The Low Earth Orbit Satellite negotiated
rulemaking produced a very workable result, and CORF
appreciates the efforts and work of Commission staff
participants Tom Tycz and Harry Ng. This proceeding
demonstrates that when the Radio Science community is
allowed to participate as an equal, it can protect the needs
and interests of passive users of spectrum, while making
compromises that meet the needs of other users.

Reallocation of Spectrum Below 5 GHz
- CORF is pleased to see that the Commission has recognized
the need, noted by NTIA, Cornell and CORF, to protect radio
astronomy operations in licensing the 2390-2400 and 2402­
2417 MHz bands. We will respond to Commission's questions
in the NPRM in detail.
- Nature of MSS proposals in paras. 12 & 19?



Authorization of Services Aboye 40 GHz
- CORF has made a substantial study of the use of millimeter
wave bands. We anticipate providing a detailed and
generally supportive response to the NPRM.

Spread Spectrum
- It is important to restrict transmissions to the needed
frequency range. New research results indicate that
modulation techniques can effectively address this concern.
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L INTR.ODUC11ON

The scientific meds ofradio astronomers and other users ofdie passive JCr'Vices for the allocation of
hqua:ies \\We finIt ..... It die W«kl AdministrIdve R.Idio Confae..ce held in 1959 (WARC59). At that
1imI, dIe ..... ......-n of.~ scheme was

1. 1bIt the science ofndio IItraIOft'l)' should be recqpUzed as a service in the Radio Regulations of the
1mImIIionII Telecommunicllbon Union (11U);

2. dill. __ of... of hquencies should be set _ide inaImldicaally for radio IIIronc:my-thes
should lie It approxirnIIely evay octave above 30 MHz and shouJd have bandwidths ofabout 1percent
of the center frequency; and,

3.M speciII_llIdor.a poIecdoIl sbouId be aftbnIed to die h)'droIeD 6De (1400-1427 MHz),
die b)draxyI (CH) 1m. (1645-1675 MHz), sad to die pddIcI deutIrium line (322-329 MHz).

At thI. ofWAle-59, cawiJiuIUe .... JIId I.-.. to milt~ needs, and at subsequent
c:oadiI... (widl more IimiIId 1IIb), the arowiIII- ofdie lKiieUtific needs bas been stated and further steps
... to IDIIt dIaD.

n.~ etmdio ..... lIIdtbe bulk ofQmRDoMe....dIeir... aad distribution, and of
the plVClll. I b tbel'lllio ....... te. ccmedllaWa~·ofdle continuum
I1IdiIdm (condnuauI >.... It • limited numillr at It.-. to CUiu ..u waveleI1&dw.
a-wdonI of iUI) Lilly.. to be .... at ....... of to dl'11"" die chaaIIristiC spectra of
sources; but bec.-the cIis1riIaicD ofcontiDuum I'IdiIdan With fiequSIcy is IWIItiwJy SIDJOCh, observations of
this kind do not need to be JDIde It specific or closely adjacent fioequenciea. Bands SI**i at intervals of about
an octave ofthe ndio-fi'equalcy spedrum are normally SItisfactoIy. &Mvtr, some sources have spectral
..... requirina It cIoIer SJ*inp.

The awillbll tD ... RIdio AIInJnaaIy s.ma.. in ICCOI.... wiIh die Jr_ Ads of tile World
AdmiUstrIIive RaIo OaiIftII ae. GenlM, 1919, I iqrovelna OWI'dIe iJ 11IoaItions
midi to the Service ia 1959, 1963, and 19711Dd., ftaIIIJ1nnt of of1be Service.
HowIMr, mmy of tile ammIy IIIoaad t.ds have u.tftcimt bandwidIhs; they lie, in JQQIt cases, shared
with active services; many apply to limited areas of the \lKlI'ld; and there are .... intavaIs between some of the
allocaled bends.
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As die 1992 WARe 5i die ewi';a., 011 JtId1o",..... (CORF) .... in tis document the
views_...« IDd ......... .,iIaIiIIs for die poIIdion of1beir reI!1IdL There is
a cantiwin& need b miIw lid ofdle aIIocIIiaaI or...... for die passive services. The
committee naIlS thIt with die diaM:ry of....~ objects mel the development ofbetta' equipment
IDd~ .-M radio scielldsts~ - ~ tom the loMst allocatrd radio astronorw band
.13360-13410 kHz to bmis IboYe SOO GHz. The .. ofpllSive pmd- and satelJ.based instruments for
mctecJroIosiQI) and astronexDicII observItion bas fur1her inacascd the need for more spectrum.

The needs for condnuurn obIeMtions \\ben fint silled in 19S9 'MI'O baed Jaraely on the desire to measure
1he spectra of radio scuces over a wide range of fioequencies. Since that time, two developments have reinfor=i
this need for c:ontinuum bmds.

rnt, puIsMs, \\bich .. nIpidIy rotItin& hiFIY~ neuIrtln ...., have been discovered to be
amona the tmSt exotic objecD in the mtivase. The~ ofpu'-s involves the study of matter and tadiation
under the influence of"'allellllpetic, electric, and pvitItional fields. PuIIm now pt'O\'ide the most accurate
timekeeping. ....... the \1Gtd's ensemble ofataRic c10cb for 1ont-tenn time stability. They provide the
best experimental 1aIS or poedietions of the 1heay ofpneraJ reIItivity, the detection ofgravitational radiation,
and dilpostics of the u_steIlar medium's density and mapetic field. For these studies continuwn bands.
perticuIarIy those at~ below 3~ _ most valuable.

Second, the ted «~ iI.AlOft'*)' (VlBI) nowll1ows rIdio astronomers and earth
scientists to link radio IIWl)' thou-.ds ordor _ by recordinj em ftlst-nmnina, high-density
nwanetic tape (us.. VII)' IIIIlIIe _11.... as a I ) IIId to process the 1Ipes to produce an interferometer
system with several wry ...b.II.. The lani" of'YtSl_ proved invaluable in studying the strocture
ofWI)' distant radio~ IIId in monitaina crustIIlftOdans _ I'CIIIItbIII .....1Irides of the earth. For this
technique to be fully explaieId. trtlloapes in several dift'enn councries must observe together on exactly the
smne hquency. This is .... much __ ifthe..pusive hquency bBIs _ pro1eCted in all of the regions
ofthe\\Uld.

Since 1959 a ........ ofspecnllines fim1 a wide variety of atcmI and molecules in space have been
discowIed. The hquency..fA rdo IStimoMy now.... to It ... 5000Hz. In pMicuIar the CO
Jmlecule, with fitqum:ies It 115, 230, IIId 345 GHE and itotapes with~ It 110, 220, and 330 GHz, is
criticIl to mmy ...... ofllllaDll)'. The oppwtunity to lam about the pi out of which stars are fonned in
our 0Ml1IId in c--. ,P'2...........abIy CIl __ to III oftt.. &equatdeI. 1be pmd-state
fine..sIrucaure line atIIaJ'ic __It.(Jfz.. hem dIsctMnd _ ~ a truly wUque opptJI'bInity for
radio astrQnamy. Ibwwr, the pIOfec:tion ofspecnl-liDe &eq.ncies is a dimcuIt tuk. In some simple cases,
whit is needed is -.. die __ off\ (If, IIId CO line Ita IJOMI, J*dcuIarIy as more sensitive
uJllnllWiIS led: ......10 c:lIIjeID.... '* red Ihi1II. nus. in tum. .. millie it w-gent to
look far M)'I to'" 1111 ........~.. pnltIIdaa bekMr 1400 Mffl. _ simiIIrly to extend :he
poWctlld t.dstar till..or~ IIId ro Pew..., of the 11ft moIecuIIr SJ*ies,.it is difficult to
be pRIlCiIe 85 to ...fl'''' Ida _ 1'hIB~ review ofdle ICiInce, ccmbiDed with .
protection ofratio -CIICIIIt' obIeMtions by foomate retenllCeS to the Table ofFrequency AlIocadon in the
llU Radio ......... is .-ted

n.e lie speciIl cIftkuIliII for same spectral Jines (die OR lines, far .....>. \\fln ndio emissions
Dtm Iirbome exist too cIcIe to the line frequaies. This difticuh)' is one that, in
.-~ ill ......., pwtiIuIIrIy wMa1he introdUctlce ofhi,..-paMNd SJl8CC
trMi8i••• fill.~ IpICIrIm............. BecII. the rMio "01'1OII1)' and remote- .
...smsitfritiII_ 1IId1etlliD sf....~ .. employed, it is most difIIcuIt to avoid
interr.ence fiuD the of same specebarne 1Im.tun, even thouah their central t1WISmitting
hquencies may lie outside the radio astronomy bats.
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Aa t,... l ' '~~"'''MlMIYmil ........dDc::\DII-.tbythe
1nIII Rdo ODD 177M 0»,...... (caJl) of..nu. &ti•••t I ofllndbJ. dnsboIds for radio
_onomy"... ,....... ill cx:m~ 224-6. n- it is DOW..... to iq)lement WI.)'S to protect
J'Idio.astronom IIId oIIIs'..w. hill &om Iir- IDdIl*»'tQ..pmcl transmissions.

As it has in the cx.P "'.d ~ Astronomy Service be afforded
potection to the 1eYeIs in CCIIl RIpon 224-6. Within 1hese..1be flux spectral density poduced by
services in c*r binds IhouId not exceed these levels. The RIdio Asbmomy SeMele, in return, can claim no
special privileges with respect to flux spectral density ouIside its t.nds~ by mutual agreement with other
services « by national ......IeI1ts.

The concept~.u.. ()IietZcxae his been studied .. IdYInced IS a WlUIbIe intanationaJ resource for
ndio 1StI0I1OIIICn IIId fer odw ICientists \\flo ere .-weoIIIervers ofdie \IIiwrse. The study of such a quiet
2Ixte his been undertIbn wi?IIia die roRlIId .. resulted in CCIR. ReoJoi•.mdon 479-3. Radio Regulations
(RR29) numbers 2632 to 2635 cWine the shielded 2IOI1C of the moon and pdUbit barmfW interference to radio
ascronomy exalpt in S..,e ReI.Mda and Eria Exploration SldeUite t.nds. Wade should continue on
decamination ofapprop_ protection of this zone.

The Radio Astronomy s.vice and the Earth Expbwtion s.tlite SIrvice (Passive) were lXlIlSideted at the
1979 WARe. AlIocItions to these services haveaI~ ccntinuina .-Ad I'eIIII'd1 pogrwns to be pursued. It
is~ 1bat fidUIe ndio conftIences not cbqe the Radio R.dIrions in WI.)'S 1bat will be dtletcrious to
these 1llViees. AlIhouIb tt.l1B'Yices have additional .-Is, COIF is not prIISiDa for new alloc:ations or
COIIIidlu61R1 It.. tW2 WItIIC 11LMIvw, 1bt~....... WDUIlI WIII_ -.y... in 1he replations that
requind the_ of........modem ...... 121i__ CC8F""'" 1IIClJUrIIII1M development of
additional reaulations to p-.:t ..-vices ftom emissions spiDins OWl' &om~...
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D. SCIENmlC BACKGROUND

. 1'he........ ..NCIived (II the ..ttt &om '11••aJ otde* .. tint diIIcovered by Karl
JlalltyClf1heB1ll Till,..~ in 1932,. a bHnduct of__ afnoile in radio-communicaon
S)'SIIms. Since thIt·. the ....ofl'Idio aAronemy _ ecpRIecI to die poiat 1hIt mmy types of
astrmomical objects have been studied by radio methods, and many impcI'tant discoYeries have been made.

Whereas the liJbt W8WIS studied by optical astronomers come &om hot objects such as stars, celestial radio
waves come mainly &om cooler objects, such as the ps between the stirs, or fiorn electrons in ordered motion.
Radio IStronc:lmers study mmy ofthe same celestial objects 1hat optical asbaaomers do, and, in addition, their
\\Uk has revealed newc-. of objects and quite unexpected forms of activity. Astronomical studies provide a
labotmy in \\bich matter can be seen over a wide 1'IIlF of physical conditions, the exbaues of which cannot
now or in the fore"" fim'e be reproduced on the earth. Eo<tIanes ofdensity, tmlpelature, and pressure and
unusual chemical compositions can all be found at various places in the universe and are under close study by
astronomers.

Some ofthe lKU'CeI ofradio waves are believed to be at the 1irdleIt limits of the known universe.
Becallll these scuces nlO fir away, the radio waves have been traveling for IIBlY billions ofyears, !hereby
providing information about die candition of the uniwrse a very tons time.. Closer to home, there are large
sections ofour Milky Way 0tIay dIIt cannot be seen by opticaI_ollomn becauIe light waves are sropped
by clouds of intersfeJJIw dolt; J'Idio MVes can pen~ these dust clouds, enabling us to study the \Wole of our
galaxy and other .-by pJnies.

The spectrum ofdie celIIIiIl ndio waves reaching the earth contains a~ continuum that covers the
\\bole .... of&equmciII_ can penetrate the earth's atmosphn, fOIed- with a large nwnber of ntomic and
molecular specIrIllines, eICh ofwhich is confined to a narrow fiequmcy ....

The radio continuum... tam t\\O pincipalllleCbRsml: (1) 1bnIII emissicn, die imInsity of which is
proportional to the IeInpei..., produced in an ionbed PI of I8lbculd **01'5 IDll pIdOnS; 8Dd (2) nonthennal
emission, mostly produc1d by the synchrocron process, in which very-JUah-speed eIectrorw spiral around
magnetic-fieId lines. This rnechmUsm is found in the disks of normal pIIxieI, in die rannants of supernova
explosicm, and in unusual types of galaxies known as radio galaxies and quams.
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S,I.llli111q'd .. it .. 'f 1.......d.II*..._a.....~of-.Y.=~~-==-.:I:~lbt:::::,..=-.:'1:.:u:--:.;:u:t~tM~By
.-1420~ (.......,..II i1 IIJr ald. 0.."" of
115.. 230 aHr. __ 1DCJIIOdCIe 1IIOIec 0IIIIr ~m
IMnl atomic species IIId Ian • Iqe"'" ofmolecules f'ouad iI..-1IId ill pImetIry IDlII sfleIJar atIJ».....
: In die ... .,...., _ alwa)Is'"••W.oI;Iclt far ...by lido ....~ The11DM,y.,..cu of _1Ibt tD.JI'Cft'idI_ of.belt...... oltbe
VIiiIIian c:I __ ~_._.. 11.,.- C)'de. In dIe -.I lipid tiuntsoClOIIr",
anissian II'e povidiDa.-. ......... ofv.blt hIppms on ~ ......1*iodI1IId Oaeway the
... intIuR:es events" in die -*'. IImosphere, near-ell1ll spa, and oIhcr portians of the solar system.

1111 piIIIIt,.. bnI.~ it,.dIe.or... by radio
...... thlttlrlt lid"111,"10. nu _ been
coafiInled and eldIeI"'~ by~ in che vicinity of1UpiIIr &all the PIoneer IIId Voytp spececrafts.

. Ratio IItrOIIOIII)'.. proridId new informIdon about die -'Y.•........U- of.... stages
1bIt II'e iI.-m in the ewJIuIiclnmy pocea but 1bIt IN not weD..$bod. ..._ kaliacI sources of
radiIdon in specb'II nn. ofdie h)IdratyI and 'MIla' molecules 11'0 found ill 1be sbeUa ofobjecIs that appear to be
in the processof~.... Some~ SOUI'* of... c:uDu8n fIditDou, Mich 11'0 embedded in
denIe clouds ofduit, _ 10 he JlldOStellar oijecIs. ~, 1JOII.dsofft'lllllsive new..._dlltt _1imiItr to die sun .. tx., have beeR MiD..... submillimeter
I'IdioIdll~ IDd 11'0 exJ*led to 1eId atII01lClmD to • Dew" ofurdeastandmg dtthe star
fGlDlllian .....

M...odIIr_ eyde, rdo ..ar.-........,. " 1M blO\W
cut in ·••''''.die ..of a\Io
diIoart..__., lUiIM of~~. A
IIpicIy .'**c alia is ae..wd , • plliodIc iIdiolJCJtl'Q\ \\faich entitI aawmwbeam of
~ die a ~ The pa'iod of... puISItS is oldie order ofa miDiJecmd,
makina these ot;ec:es die JDDIIt cJoc:b known.

SpaII_'"now'" d 11_hn IO••~ iainta MIRy of
tt.e -=-__ qpllecu · questions
aboIa how caaP- built up .."'" ~ niIIt.1eIid to 1Ile IJeCUi'SOI'S of
Iife, •• pc8Wy '111 iRa- ~ ~. stUdy
~, to lor._qf iCII by_d &theappnJIII_ To ,....~ cIcuI. or in_. pardons of
the cloud. it is III(III.,".. ;I • tilt ............. ., II III maIecuIeI. cr ordiftiIalt
transitions (1_) &om die _1IIDIeCUIe. In ICIDe c.es,." of or. J*licUIW type of molecule,
invoMna diffiI_ ..... ofGIll or more of the constituent ~ c:aabon, nitrotIIm, or oX)'gen), eM
be studied; tI-. stueIieI c-. pe YIIuIbIe informldcn on the reIIdYe daiIiII of the various isotopes in the
intIrstIIIJIr ...... and em the evoIudcn oldie m-iclII e.....

...c1_ .11 __ cr1llDlec*s. c:ea1Cll'fltd
occur in..- III ' _ jIlltic:Udy pd. ftlr indiaIIing the
conditions inside a cloud or 1hI1ocIIicm ofdle spiral .. in. pIily. I , to undealllud the chemical
and pbysic:aI conditions property, it is necessmy to~ a of lines.
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111,

....oI 'lpU t~.oIr"" .. ClI.ld I"', n-.
d ••.•••• proitdI..1 '1••'''.1 n'.Gfw.. ,, li, of1he

...................... - 01.-'•..• .:*••.. ~ ·__..ltiaIofthea:"......"'•• IP .n diII ct Clf .• II .... Up oflDltaial that
is lilt visible. 'Dds II cAllie .. t Ii " pdJIen Is 'dill ... in~ YtiIIIber the
.1B1Mne wiD'expat ..... ex' 1IIIdty c:oIIIpIe OIl iIIeIf. r.t., b .... spec:tra ofplaxics is
.... for determining 1beir distances Ind theaefOre helping to esIabIish die IIrp«ale structure of the universe.

;, ....., cIilItInt,,_.·nd Oy-.. 001 ofrdo __ but n relBdvely faint ~en
vilMldwlll ..opIbf'..... 'rt.e...., "_ die ··1UIiect ofa.y ilMstiptioRs attempting to
dlaMllrlbe lIOURle Clf twIo enerzy.-ad~ ciraansIInces of tile explosive evenIs 1hIt seem to have
uoc:unlldin 111M)' of.....

n. most pPWIIfbl radio ...-oes known are quMII'S,~ ... distmt, «.II..ct objects that emit radio
..,.aJl'OdlP.=-... A .... is beIiMld to be d1e nucIM of••_is usual.. Iy tbo distant tOr
.,..but die CIdNI ocn "'...... 1111 study of..... iIlwIwI ~ in the continuing
..Ift·to uradtastai4.. IlUCIIII ofeIletIY. The.-clei ofsene oct. c ofpIIxies show great activity
Id'ld wuuaI enaJY pnJduttiaa. Ewn the nucleus ofour own galaxy is a SIDIlI-scale version of an active nuc1~~tS

IIld CIll best be studied' by !do ndods.

__...of....

CII••n....QI......~ land.. and ac.M in tile mdio pm oCtile electranlptic
spectrum liM becOme iIiicIlNIWfY iDpOtflrIlt in mdIntandina til wah IS. S)'SIIm Currently operational
....~ incIdIIItbe Microwave SouncIina Unit (MSU) IIld insINnents OIl the U.S. Air Force's
....~ ·t"MII" •d P (SSM'I and SSM'I) provide key~ data sets. Future remote-
..........· MASA's BII1JI a-w.as,.n (E09)'" die TropieaI MdiIJ Measurement
MisIiba~ ..~..pIannina. The missionIn expected·fIO IqIow melSUJlIIWlts of
......riO VIpCI' ad ..~ soil~ CCMelHbllof0IaIe end other trace
...... _ SIIiIIity. n.e 1l'AIItb'-, 11RIIdbillioIHI_ians II'e international in
scope, retIecting the it ofany coun1ries in obminina accunee~ h)droIqpcIl, and
oc:callOllapilic dati, and~ of land surface feetures and 1rlIce in tile 8IJnosIi*e.

n. tI be~ia ~sewrestonn
m=~·iIIIllI'iI.iC"""''''10 ..." m ..,.. climllllIId~ chemisay
rnWL '!he~~ of1he infufulltiallthD 1IIIeIIites ptUlUses to be
.'.... ,ill boih rAW and..·........ poducIIlJIl. opention ~businesses and
~ diIt 1dh~ \Wdet -1aII1IIm c1JaIIIe stMIIity. A subsIantiaI number of lives
can be tbrouah ~ ofdqerc:lasly inc"'"I". 11Je JeaDe*ly ... information
wilJ be used to ploRte sciendfiadIy baed guidelines for enviaalDa.... policy.

'-iw8aan

A major ccx.-- tllIMh nIIIOfIe sensinI S)'IIImI cansists of..-etane pIStiYe microwave Ndiometers.
n 11 ~.deaiID and scnsitivit¥ to I'IIdioI*onaIny receivers and are essential to the
~ of I I.ul'••, ..IllUde due to 1hIir IbOityto....darouP opticallythic:t... 'Ibis Imique .... ofpessive JIdcrowIM CCI....... 1IIe capIbiIities of inmIred and
optical semon.

As in radDstranomy,~ near c:ertain atmospheric spectrallmes and 1IWISmission windows ll1e required
for passive eerth e:xpJoratim satellites. Several bands, listed in Tables 1 and 2, have been identified and
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investigated for their particular capabilities. Atroospheric tempeaature profiles am be measured using channels
near Oz absoIption lines at 5~70 GHz (within the 5-mrn absorption band) and at 118 GHz. Water vapor profiles
am be measured using channels near ~O absorption lines at 22.235 and 183.310 GHz, and potentially at 325
GHz. Precipitation exhibits no narrow spectral features and thus requires a widely spaced set of channels for
obseJvation. Useful channels are near 6, 10, 18, 37, 90, 157, and (potentially) 220 and 340 GHz.l Soil moisture
measurement requires a low-frequency microwave channel near 1 to 3 GHz. Sea surface temperature and wind
speed measurements require channels at slightly higher frequencies, near 6, 10, and 18 GHz. Concentrations of
atmospheric trace gases (e.g., oZDlle) can be measured by obseJving atmospheric radio emissions near molecular
resonances.

The required sensitivities for retrieval of geophysical parameters are listed in Table 1, in terms of the
required accuracy of the brightness temperature values. \Wich range from 0.1 to 1.0 K. In order to obtain these
sensitivities, wide bandwidths (from 60 MHz to 6 GHz) are required. The particular bandwidth requirement
depends on the use of the channel, the receiver sensitivity, and the observation time; minimwn acceptable
bandwidths are given in Table 1. The listed bands are consistent with CCIR Recommendation 515, ''Frequency
Bands and Perfonnance Requirements for Satellite Passive Sensing," although wider bandwidths are suggested
for some frequencies.

In order to obtain the sensitivity required for earth remote sensing, interference from radio sources must be
kept below the thresholds descn'bed in CCIR Report 694. The current allocations for passive earth exploration
satellites were made during the 1979 WARC.

Active Sensors

Anothei critical component of current and planned earth remote sensing systems consists of active
spacebome sensors, such as synthetic aperture radars (SARs), radar altimeters, and precipitation radars. Uses of
active sensors include measurement of soil moisture, snow, ice, rain, clouds, atmospheric pre5SW'e, and ocean
wave parameters, and mapping of geologic and geodetic features and vegetation.

Suggested channels for active earth remote sensing are I~MHz-wide frequency bands near I, 3, 5, 10, 14,
17, 35, and 76 GHz. Wider bandwidths (up to 600 MHz) are required for altimeter measwements with vertical
resolution less than 50 an. These bands are consistent with CCIR Recommendation 577-1, ''Preferred Frequency
Bands for Active Sensing Measurements." The current allocations for active earth remote sensing were made
during the 1979 WARC.

lThe High Resolution Multifrequency Microwave Radiometer, part ofNASA's planned Earth Observing System
{EOS}, includes the Advanced Microwave Sounding Uni~ much will provide atmospheric soundin~ of
temperature and water vapor using channels in the oxygen resonance band,(5~ GHz) and the water vapor line
at 183 G~ the Advanced Mechanically Scanned Radar, a microwave imager operating at 6, 10, 18,21,37, and
90 G~ and the Electronically Scanned Thinned Array Radiometer, an imaging radiometer that operates at 1.43
GHz.
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TABLE 1 Passive Earth Exploration Qannels (after CCIR. Recommendation SIS)

Frequency Suggested Rfquired Measurements
(GHz) Bandwidth Accuracy

(MHz) (K)

Near 1.4 100 0.1 soil moisture

Near 2.7 60 0.1 salinity, soil moisture

Near 5 200 0.3 estuarine tempeil1b.lre

Near 6 400 0.3 ocean temperature, rain

Near 10 100 1.0 rain, snow, ice, sea state

Near 15 200 0.2 water vapor, rain

Near 18 200 0.2 rain, ocean ice, water vapor, sea state

Near 21 200 0.2 water vapor, rain

22.235 300 0.4 water vapor, rain

, Near 24 400* 0.2 water vapor, rain

Near 31 500 0.2 ocean ice, oil spills, rain, clouds

Near 37 1000 0.7 rain, snow, ocean ice, water vapor, sea state

50-61.5 2501' 0.1 temperature

64-66 loot 0.1 temperature

Near 90 6000* 0.7 clouds, oil spills, ice, snow

100.49 2000 0.2 nitrous oxide

110.80 2000* 0.2 ozone

115.27 2000 0.2 carbon monoxide

118.75 ~ 0.1 temperature

125.61 2000 0.2 nitrous oxide

150.74 2000 0.2 nitrous oxide

Near 157 2000 0.7 rain, cloud water, water vapor

164.38 2000 0.2 chlorine oxide

Continued
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TABLE 1 (Continued)

Frequency Suggested Required Measurements
(GHz) Bandwidth Accuracy

(MHz) (K)

Near 166 4000· 0.7 rain, cloud water, water vapor

167.20 2000 0.2 chlorine oxide

175.86 2000 02 nitrous oxide

183.31 18,000, 0.1 water vapor, clouds

184.75 2000 02 ozone

200.98 2000 0.2 nitrous oxide

Near 220 6000· 0.7 rain, clouds

226.09 2000· 0.2 nitrous oxide

230.54 2000 0.2 carbon monoxide

235.71 2000 0.2 ozone

237.15 2000 02 ozone

251.21 2000*, 0.2 nitrous oxide

276.33 2000 0.2 nitrous oxide

301.44 2000 0.2 nitrous oxide

325.10 18,ooo,j 0.1 water vapor, clouds

Near 340 6000 0.5 water vapor, clouds

345.80 2000 0.2 carbon monoxide

364.32 2000 0.2 ozone

380.20 2000 02 water vapor

Near 420 6000 0.5 water vapor, clouds

424.76 6000 0.1 temperature, clouds

N01E: Center frequencies and bandwidths have been modified for some channels.

*The current frequency allocation is acceptable.
tSeveral ~ channels lie within this range.
'Several double sideband channels are centered arowtd the absorption line peak within this range.
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TABLE 2 Microwave Frequencies Utilized by the National Oceanic and Abnospberic Administration

Channel Center Frequency Bandwidth Stability NEDT(K)
Nmnber (MHz) (MHz)

1 23.80Hz 270 10 0.3

2 31.4 GHz 180 10 OJ

3 5003 GHz 180 10 0.4

4 52.80Hz 400 5 0.25

5 53.596 GHz 170 5 0.26

6 S4.4GHz 400 5 0.25

7 54.94GHz 400 5 0.25

8 55.5 GHz 330 10 0.25

9 57.290344 GHz=fLO 330 0.5 0.25

10 fLO =.217 MHz 78 0.5 0.4

11 fLO :1:322.2 %48 MHz 36 0.5 0.4

12 fLO :1:322.2 ±.22 MHz 16 0.5 0.6

13 fLO :1:322.2 :10 MHz 8 0.5 0.8

14 fLO :1:322.2 %4.5 MHz 4 0.5 1.2

IS 89.0 MHz 6000 50 0.5

16 60.79267 ±O.3539 GHz 3 0.03 1.5

17 60.79267 ±O.3558 GHz 0.8 0.03 2.8

18 60.79267 ±O.3569 GHz 0.5 0.03 3.5

19 6O.7CJ267 ±OJ579 GHz 1.0 0.03 2.5

20 60.79267 ±OJ589 GHz 0.5 0.03 3.5

21 60.79267 ±O.3600 GHz 0.8 0.03 2.8

22 89.0GHz 6000 SO 1.0

23 157.0 GHz 4000 SO 1.0

24 183.31 :1.0 GHz 1000 SO 1.0

2S 183.31 :1:3.0 GHz 2000 50 1.0
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In 1959, Cocooni and Mxrison published a paper suggesting that the technology of radio astronomy had
progressed to the point that interstellar communication between ourselves and a Vf:lY distant civilization might be
possible. They suggested the 142G-MHz line of neutral hydrogen as an obvious universal communication
channel. Independently, Frank Drake made the first radio search for extraterrestria intelligence (SEll) using the
Tatel telescope of the National Radio Astronomy Observatory equipped with a sing1e-channe~ DarrO\Wand
spectrometer and a receiver tuned to 1420 MHz. Project OlMA, as this search was called, was conducted in the
spring of 1960 and examined two nearby solar-type stars for a few hundred hours. It was the first of nearly 60
searches that have been made over the past three decades, most of them at radio frequencies.

Footnote 722, added to the Radio Regulations during the 1979 WARC, recognizes the interest of the radio
science community in this passive search technique. Since 1960, improvements in receiver technology and
digital signal processing equipment, intended primarily for use in radio astronomy, have enabled far more
sensitive and sophisticated searches for extraterrestrial technologies to be conducted. Making use of receiver
instrumentation developed for radio astronomy, these searches have remained clustered about the frequencies of
natural atomic and molecular emission lines and within the protected radio astronomy bands. Plausible
argwnents can be made for searching at these "magic frequencies," but most of the miCl"O\Vclve window has
remained unexplored We can of course only speculate on the likelihood of civilizations with matching
technology.

Starting in 1992 NASA will inaugurate a systematic search for signals throughout the 1- to IG-mil
frequency range that represents the clearest microwave window through the terrestrial atmosphere. This search
will be based on state-of-th&-art signal processing equipment and wideband, low-noise receivers and feeds
developed specifically for SEn. The search will be conducted with two complementaJy strategies, a targeted
search of the nearest 1000 solar-type stars using the world's largest radio telescopes and an all-sky survey using
the 34-meter antennas ofNASA's Deep Space Network. Although this search will be billions of times more
comprehensive than even the most ambitious search cmrently under way-the META projects of the Planetary
Society using dedicated telescopes in Massachusetts and Argentina---« is still a limited search and may not
succeed.

Because of the technical challenges alone, SEn is an important scientific endeavor. SEn experiments
require advanced mdhods of signal processing as an attempt is made to recognize and interpret weak signals of
unknown intensity, fiequency, and temporal characteristics amidst a background din ofterrestrial and cosmic
noise. As with more traditional astronomical studies of \\eak cosmic radio emission, telTestrial interference poses
the greatest challenge to this microwave search. If all the frequencies are to be observed for all the targets and
directions on the sky, techniques will have to be found to mitigate against, or \\at around, the grolDld-based and
satellite transmissions from all the active services making use of the 1- to lo-GHz frequency range. If the search
is unsuccessful, future searches may need to be conducted from the Lunar Quiet Zooe on the lunar far side (see
Chapter VI). As with traditional radio astronomy and remote sensing of the earth, SE'IJ \\OOld benefit greatly
from the adoption of modem technical standards and the reduction of out-of-band emissions from active services.

TecbnolQiicaJ Qmtributigns

The history of radio astronomy and earth remote sensing has shown a remarkable rate of important and
unexpected discoveries. In the short period of the last four decades, radio scientists have made ftmdamental new
discoveries in physics and have brought us closer to understanding both the nature of the universe and o\lr
immediate enviromnent The rapid rate of important discoveries in radio astronomy and atmospheric science will
SlEely continue. Such progress is assured in prt by protecting radio-frequency bands for the passive services.
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Radio astronomY and remote sensing have contributed to the development of practical devices and
techniques. Some of these are listed below:

• The development of very-low-noise receivers with system temperatures as low as 10K and
frequencies extending from a few MHz to 1000 GHz. These have wide applications in radio
technology.

• The study of the thermography of the body by use of millimeter radio techniques (--4S GHz).

• The detection of breast cancer at centimeter wavelengths (-10 GHz) with modem radiometers.

• Computerized x-ray tomography, which employs methods originally developed for mapping
radio sources.

• The detection of forest fires by their microwave radiation.

• The identification of potential earthquake zones by very-long-baseline interferometric (VLBI)
measurements of fault motion.

• The determination of many geophysical parameters such as continental drift, polar wandering,
latitude measurements, and variations in the earth's rotation, with the use of connected-element
and VlBI techniques.

• ~or contributions to navigation-including that of spacecraft~ timekeeping resulting from
pulsar observations, VlBI, and the verification of Einstein's general theory of relativity.

• Measuring the temperature of the earth's atmosphere, surface properties, and the distribution of
water vapor, cloud water, precipitation, and impurities such as carbon monoxide by passive
remote-sensing techniques.

• Monitoring of trace gases, such as ozone, important to atmospheric chemistry.

Radio astronomy is an active and vigorous science, in \\hich the wUverse and its component parts are
studied and new discoveries made at a rapid rate. The foregoing account is a selection of only a few examples.
To continue this rapid advance, it is necessary to operate many radio observatories with different instruments and
locations, including space, and to be able to observe at many different frequencies. Countries around the world
that have devoted large SlDIlS of money for the development of radio astronomy include Argentina, Australia,
Brazil, Canada, China, Germany, France, India, Italy, Japan, The Netherlands, the United Kingdom, the United
States, and the U.S.S.R. It is anticipated that this support will continue and that other COWltries wiIJ start major
radio-astronomical projects.
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III. GENERAL CONSIDERATIONS ON FURlHER PROlECIlON

In the remarks below, specific frequencies actually refer to frequency bands.

1. The gap between the 74-MHz and the 408-MHz continuum allocations is too broad. A frequency band in
the range 130-250 MHz with a 1- to 2-percent bandwidth is w-gently needed. Footnote protection, at least.
should be provided. The band 150.05 to 153 MHz is protected in Region 1. Such a frequency allocation
\\OOld be especially useful for pulsar research and for VlBI.

2. The 1979 WARe provided an allocation for the passive services in the 322-328.6 MHz band. This band
serves both line and continuum observations, since it includes the hyperfine transition from the cosmo­
logically significant deuterium atom. This has become an important band for radio astronomers allover the
world, with its use for VLBI and on the Very Large Array (VIA). However, this band is not allocated to
the passive services in the United States.

3. The 608-614 MHz band has different detailed allocations for each region. A single worldwide band is
desired to allow pursuit of international VlBI observations. Coordination with television transmissions on
adjacent channels would be desirable.

4. The primary, exclusive allocation in the 14QO.1427-MHz band should be presezved for studies of neutral
atomic hydrogen and for passive earth remote sensing of soil moisture. Additional protection in t'1e 1330­
1400-MHz band is also required for studies of distant galaxies.

5. Important spectral lines should have their allocation status upgraded to ''PrimaIy" in the allocation table.
This is particularly pertinent in the case of the OH lines at 1612 MHz. and 1720 MHz. The bandwidths
should be at least wide enough to cover the expected Doppler-shift range found in our galaxy.

6. The 2695-MHz (ll-<:entimeter) band is important to radio astronomy. Its bandwidth is small consideit.'1g its
relative importance, and efforts should be made to increase this bandwidth. This frequency band is also
useful for passive remote sensing of the earth's surface parameters.

7. The allocation status for the H2CO line at 4830 MHz should be upgraded to "Primary" in the alloc...ation
table. The bandwidths should be at least wide enough to cover the expected Doppler-shift range found in
our galaxy.
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8. The 4990-MHz (6-centimeter) band has become one of the most important for continuum radio astronomy.
The frequency is used in almost all observatories as a primaJy frequency for continuum and VLBI
measurements. Improved protection in the 48()()...499().MHz band is desirable.

9. The water vapor and anunonia lines at 22.2 GHz and arotmd 23 GHz are important diagnostic lines of the
interstellar mediwn of our galaxy and other galaxies. The protection of these lines needs to be improved.

10. The continuum bands above 80 GHz now allocated to the Radio Astronomy Service and the Earth
Exploration Satellite Service are particularly useful because they have large enough bandwidths to take full
advantage of modern receiver technology, and they are situated in regions of the spectrum where
atmospheric windows exist.

11. In general, a 1- to 2-percent bandwidth is the minimum practical allocation; a 5-percent bandwidth would
be desirable for the continuum bands. This is strongly reinforced by the new and rapidly increasing
requirements for bandwidth allocation at all frequencies, for complex IOOlecular line studies in the galaxy
and for red-shifted lines of distant galaxies. This requirement can be met by the use of the same fractional
bandwidth allocations for spectral lines as for continuum astronomy as long as the allocated bands occur
reasonably frequently throughout the full spectrum.

12. In the last 30 years, radio astronomy studies have demonstrated the presence of ever-monxomplex
molecules in interstellar space. These discoveries have been one of the most fascinating and pU22ling
developments in the field The complexity of the largest molecules already exceeds that of simple amino
acids. It is anticipated that, in the future, still more complex molecules, and possibly amino acids, will be
found. Identification of complex molecules can be made only by detection ofa number of radio lines.

t3. Passive selVices have considered, in a preliminary f~hion, those spectral lines at frequencies above 275
GHz that may merit the granting of protection at some future WARC. Since the 1992 WARe will not
address this frequency range, it is not discussed in this docwnent The most important spectral lines for
radio astronomy are listed in CCIR Recommendation 314-7. This list is developed and updated regularly
by a working group within the International Astronomical Union.

14. Strong efforts must be made to protect radio astronomy bands from adjacent band interference from air- or
spac&-to-ground transmissions. Table 3 shows the potential interference situation from air- or space-t~

ground transmission adjacent to the primaIy radio-astronomy bands. Passive services are particularly
sensitive to spurious, out-of-band and hannonic emissions from other services. A major effort to modernize
and upgrade engineering standards for active services should be made, especially with regard to out-of-band
emissions. Moderruzat:ion of these standards would be useful to other services as well as to radio
astronomy. This is particularly the case with airborne and satellite transmitters and devices that do not
require licensing.
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TABLE 3 Services in Adjacent Bands That Could Cause Harmful InterfeaellCe to the Radio Astronomy Service

Band Allocated to
Radio Astronomy
on a Worldwide Adjacent Band Adjacent-Band Services
Primary Basis

13.36-13.41 MHz 13.26-13.36 MHz AERONAUIlCAL ~BILE (R)

322-328.6 MHz 273-322 MHz ~BILE. including satellite
328.6-335.4 MHz AERONAUIlCAL RADIONAVIGA1l0N

1400-1427 MHz 1350-1400 MHz RADIOLOCAllON
1429-1525 MHz MOBILE (except Region 1)

Broadcasting satellite-

1660-1670 MHz 1656.5-1660.5 MHz LAND ~BILE-SA1ELI11E (earth-to-space)t
1670-1690 MHz MElEOROLOGICAL AIDS

MElEOROLOGICAL-SA1ELI11E (space-to-earth)

2690-2700 MHz 2655-2690 MHz BROAOCASTING-SATELIirE (space-to-earth)
FlXfD.SA1ELI11E (Region 2)

2700-2900 MHz AERONAUIlCAL RADIONAVIGA1l0N
Radiolocation

4990-5000 MHz 4800-4990 MHz MOBILE
5000-5250 MHz AERONAUIlCAL RADIONAVIGA1l0N

10.6-10.7 GHz 10.55-10.6 GHz Radiolocation
10.7-11.7 GHz FJXED.SA1Elll1E (space-to-earth)

15.35-15.4 GHz 14.8-15.35 GHz MOBn.E
Space research

15.4-15.7 GHz AERONAUIlCAL RADIONAVIGAllON

22.21-22.5 GHz 22.5-22.55 GHz MOBn.E
BROAOCASTING-SAlELUIE (Regions 2 & 3)

23.6-24 GHz 23.55-23.6 GHz MOBn.E
24-24.05 GHz AMATEUR

AMAlEUR-SATELU1E

Continued
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TABLE 3' (ConJinued)

Band Allocated to
Radio Astronomy on

Worldwide Adjacent Band Adjacent-Band Services
Primary Basis

31.3-31.8 GHz 31-31.3 GHz MOBILE
Standard signals-Satellite (space-to-earth)
Space research

31.8-32 GHz RADIONAVIGATION
Space research

42.5-43.5 GHz 40.5-42.5 GHz BROAOCASTING-SA1ELU1E

IMJbile
43.5-47 GHz MOBILE

MOBll..&SA1ELU1E
RADIONAVIGATION
RADIONAVIGATION-SAlEUl1E

~92GHz 84-86GHz MOBILE
BROAOCASTING-SA1ELU1E

92-95 GHz MOBILE
RADIOLOCATION

105-116 GHz 102-105 GHz FIXED-SAlEUl1E (space-to-earth)
MOBILE

116-126 GHz IN1ER-SAlEUl1E (space-to-earth)
MOBILE

164-168 GHz 151-164 GHz fIXED.SATELUlE (space-to-earth)
MOBILE

168-170 GHz MOBILE

182-185 GHz 176.5-182 GHz INIER-SATELUlE
MOBILE

185-190 GHz IN1ER-SATEUllE, MOBILE

217-231 GHz 202-217 GHz MOBILE
231-235 GHz fIXED.SA1ELU1E (space-to-earth)

MOBILE
Radiolocation

265-275 GHz 252-265 GHz MOBILE I
MOBll..&SATELUlE
RADIONAVIGATION
RADIONAVIGATION-SATEUJ1E

NOTE: Fixed and mobile services, except aeronautical mobile seJVices, are not included.

·Under study (see Resolution No. 505 ofWARC-79).
tSee also footnot..e 730A (MOB-87) of the Radio Regulations.
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